Abstract. As the driest inhabitable continent, it comes as no surprise that Australia has comparatively few species of freshwater-dependent fishes compared with land masses of similar size and latitudinal coverage. In addition to relatively low rainfall and few permanent waterbodies, a range of other climatic, geological, physical, and biogeographical factors are generally offered up, to account for the low species count in a country otherwise regarded as mega-biodiverse. Here, we challenge this traditional view by hypothesising that Australia's lack of freshwater fishes largely reflects a dearth of detailed taxonomic activity. Using both allozyme and mtDNA markers, we undertook a molecular assessment on the Australian purple-spotted gudgeons (Mogurnda), recently subjected to a taxonomic revision that saw a three-fold increase in the number of described species. In addition to demonstrating additional, species-level biodiversity within M. adspersa, our genetic data revealed discordant patterns of mitochondrial and nuclear genetic affinities among populations in several species, plus a sister relationship between the two central Australian species. We discuss the broader implications of such cryptic biodiversity for the Australian freshwater fish fauna; most notable among these is our prediction that only 50% of species have been described.
Introduction
The Australian freshwater fish fauna comprises far fewer species than have been described for other land masses of similar size and climatic range (Allen 1989) . As an example, the most recent field guides list 209 freshwater-dependent species in Australia (Allen et al. 2002) versus 713 in continental temperate USA (i.e. excluding Alaska and Hawaii; Page and Burr 1991) . Most scholars have explained this discrepancy as the consequence of relative differences in aridity, habitat availability, rainfall reliability, topographic diversity and degree of isolation (Merrick and Schmida 1984; Williams and Allen 1987; Allen et al. 2002) . However, Lundberg et al. (2000, p. 53 ) suggested a very different explanation, namely that the disparity between Australia and the USA largely reflects 'y. the difference in effort devoted to the taxonomy of the two faunas'. Similar sentiments have recently been expressed by Hammer et al. (2013) , who hypothesised that Australia contains twice as many species as has been described, largely on the basis of published and unpublished molecular data.
The Australian freshwater 'purple-spotted' gudgeons (genus Mogurnda) represent an ideal group to explore the hypothesis that the low number of Australian freshwater species largely reflects a lack of taxonomic attention rather than climatic or biogeographic factors. Purple-spotted gudgeons are widely distributed throughout the north, centre and east of the continent, as well as in neighbouring New Guinea. Members of the genus are generally characterised by a small cylindrical body (typically up to 12 cm (SL) long) with two or three reddish diagonal lines across the cheek and gill cover and red to purple spots on the lateral surface and fins. Purple-spotted gudgeons are among the most attractive and iconic of Australia's small freshwater species and can be easily kept and bred in captivity (Merrick and Schmida 1984) .
Prior to 1999, the mainstream view was that there were only two Australian species (Fig. 1a) , namely Mogurnda adspersa (Castelnau, 1878) in eastern drainages and M. mogurnda (Richardson, 1844) across the north of the continent (plus in southern New Guinea) and including all central Australian populations, some of which were initially described as M. larapintae (Zietz, 1896) but subsequently considered conspecific (Hoese et al. 1980; Allen 1989) . The revision of Allen and Jenkins (1999) led to the number of species increasing threefold, from two to six. In addition to resurrecting M. larapintae to full species status for populations in the Finke River system of central Australia, three new species were proposed, each displaying quite restricted geographic distributions (Fig. 1b) . These new species were M. oligolepis in the Kimberley region of north-western Australia, M. clivicola in central northern South Australia, and M. thermophila, found only in a complex of thermal artesian springs in northern South Australia. Despite being re-diagnosed by Allen and Jenkins (1999) , M. adspersa and M. mogurnda continue to be regarded as widespread species (Fig. 1b) , each occupying multiple drainage divisions, a wide range of habitat types and numerous climatic zones. M. adspersa occurs along the eastern coast from Cape York Peninsula in the north of Queensland to northern New South Wales (see Fig. 1b ). It is also found in inland drainages of the Murray-Darling system, where it was formerly common throughout, but is now all but extinct in all except the most-easterly tributaries of the upper Darling (Morris et al. 2001) . M. mogurnda occurs in drainages across the north of the continent as well as on the eastern side of Cape York Peninsula, including a presumed narrow zone of overlap with M. adspersa in north-eastern Queensland (Pusey et al. 2004) .
Molecular systematic data have already featured indirectly in the 'first round' of taxonomic expansion in the Australian Mogurnda that tripled the number of recognised species. As acknowledged by the authors, the morphological revision of Allen and Jenkins (1999) was itself prompted in part by their prior knowledge of unpublished and summary allozyme data that clearly demonstrated that the populations elevated to full species rank showed levels of divergence well beyond those expected for conspecific populations (Glover 1989) . Allen and Jenkins (1999) further identified two unresolved taxonomic issues within Australian Mogurnda. First, the status of a population in the Bulloo River system of inland Queensland remains problematic, because the single specimen available could only be tentatively assigned to M. clivicola. Second, although individual populations of M. mogurnda were more or less uniform for the various morphological features examined, the very considerable morphological heterogeneity present across its geographic range (including New Guinea) prompted Allen and Jenkins (1999, p. 151) to comment 'y. there remains a distinct possibility that more than one species is involved'.
To further add to this uncertainty, a molecular genetic study into the phylogeographic structure of M. adspersa in northeastern Queensland detected high levels of mtDNA sequence divergence between populations from the headwaters of the Tully River and those in other rivers on the Atherton Tableland (Hurwood and Hughes 1998) . The Wet Tropics region of northeastern Queensland is noted for being both species rich (Pusey and Kennard 1996; Unmack 2001) and for harbouring cryptic endemism in other vertebrates (Schneider et al. 1998; O'Connor and Moritz 2003) . Moreover, a recent phylogeographic study on M. adspersa found what were proposed to be species-level mtDNA differences between all north-eastern populations and those south of the Burdekin River (Faulks et al. 2008) . This further reinforces the view, already expressed by Pusey et al. (2004) , that M. adspersa may also be a species complex.
The primary purpose of the present paper is to critically test the hypothesis that, despite being the subject of a recent taxonomic revision, the Australian Mogurnda continues to harbour additional undescribed species. In it, we present the original, unpublished allozyme data, which in part prompted the taxonomic review by Allen and Jenkins (1999) , backed up by two additional molecular datasets (mtDNA sequence data plus contemporary allozyme profiles for key sites unavailable to the original study) to provide two additional perspectives not obtainable from the historic allozyme study. These perspectives are (1) an integration of all, currently available molecular datasets, and (2) some phylogenetic and historical biogeographic context to the geographic distributions of the taxa thus 
Materials and methods
Sampling for original allozyme study As the initial sampling for this project was undertaken before the revision by Allen and Jenkins (1999) , the systematic framework under examination at the time was that the genus Mogurnda comprised just two species in Australia (Fig. 1a; Allen 1989) . Thus, the primary focus of sampling was to cover, where possible, the extensive geographic range of each of the two described species (Fig. 1a) , with a secondary aim being to investigate in more detail the genetic affinities of the few remaining extant populations of M. adspersa in the MurrayDarling river system. Specimens were obtained opportunistically through the efforts of various colleagues, using a range of standard collection methods. Most of these fish were sent directly to the laboratory where they were ethically euthanased and frozen as separate tail and head portions. However, two populations were represented by F 1 offspring from the only two wild-caught fish caught at these sites, reflecting a desire by their collectors to use these rare animals for breeding purposes. All tissues were kept frozen at À708C until required for analysis. In total, 96 fish from 16 locations were included in the original allozyme study (Table S1 , available as Supplementary Material; Fig. 2) . Although unable to sample Mogurnda from the Bulloo catchment, we did obtain tissues representing the population in the adjacent Barcoo River.
Sampling for mtDNA analyses A single specimen from each of the 16 populations represented in the original allozyme study was chosen for mtDNA sequencing of the ATPase 6 and ATPase 8 genes. These were supplemented by single specimens from a further six locations that were opportunistically field-preserved in ethanol by colleagues (and therefore not available for allozyme typing). Such small numbers are acceptable in a broad overview of species affinities, particularly given the general lack of significant mtDNA haplotype heterogeneity within most sites surveyed thus far (Hurwood and Hughes 1998; Faulks et al. 2008; Cook et al. 2011; Hughes et al. 2012 ). An additional 83 ATPase 6/ATPase 8 haplotypes were obtained from GenBank to provide an integrated analysis of new and existing sequences for Australian Mogurnda (see below).
Sampling for contemporary allozyme study Hindsight analyses of the mtDNA data revealed that several key lineages within both M. adspersa and M. mogurnda were not represented in the original allozyme study. To remedy this Richardson et al. 1986 ). Muscle tissues were selected for a total of 84 fish, of which 38 were collected at or near 10 locations known to harbour key mtDNA lineages and the remaining 46 were from already-characterised allozyme lineages (Table S1 ).
Laboratory procedures for allozyme electrophoresis
Allozyme analysis of tail muscle or 'anterior head' homogenates was undertaken on cellulose acetate gels (Cellogel, M.A.L.T.A., Milan, Italy) according to standard procedures (Richardson et al. 1986 ). The following enzymes or non-enzymatic proteins were successfully scored in one or both allozyme studies: ACON, ACP, ADA, ADH, AK, ALD, CA, CK, ENOL, FDP, FUM, GAPD, GLO, GOT, GP, GPI, GPT, GSR, IDH, LDH, MDH, ME, MPI, NDPK, PEPA, PEPD, PGAM, 6PGD, PGK, PGM, PK, SOD, SORDH, TPI and UGPP. Enzyme abbreviations plus enzyme and allozyme nomenclature follow Adams et al. (2011) .
Analysis of allozyme data
Before attempting any between-site analyses, we first carried out within-site assessments (for all sites with n of .1) of the raw allozyme genotypes by using GENEPOP v3.1b (Raymond and Rousset 1995) to ensure that there were no statistically significant instances (after correcting for multiple tests) of linkage disequilibrium or departures from Hardy-Weinberg expectations. To minimise the distortion that small sample sizes can inflict on genetic distance estimates, we pooled sites within the same catchment, provided they were within 50 km and also displayed no statistical evidence of genetic heterogeneity, either within the pooled site (as above) or for differences in allele frequency among the sites. The procedural details of these analyses are presented elsewhere (Hammer et al. 2007) .
Having ensured the appropriateness of treating each site or catchment as an allozymically homogeneous population, the genetic relationships among populations were displayed visually as neighbour-joining (NJ) trees constructed from pairwise values of Nei's unbiased genetic distance. A measure of the robustness of putative clades was obtained by bootstrapping the raw allozyme data to generate 1000 pseudo-replicate matrices, and then using the PHYLIP (Felsenstein 1993 ) subprograms NEIGHBOUR and CONSENSE to determine the level of support for each node in the final consensus tree. Finally, the extent to which populations and species were allozymically diagnosable from one another was quantified by calculating the number of pairwise fixed differences, allowing a 10% cumulative tolerance for shared alleles at each locus (this level of tolerance will successfully diagnose an individual to the correct species, with a probability of between 95% and 99%, depending on the allele frequencies encountered; see examples in Ayala and Powell 1972) . All methodologies used are detailed in Horner and Adams (2007) .
DNA extraction, polymerase chain reaction (PCR) and sequencing Total genomic DNA was extracted using a protocol modified from Doyle and Doyle (1987) . The specific protocols used are outlined in Hurwood and Hughes (1998) . The protein coding ATPase 6 and ATPase 8 genes were chosen because they are typically highly variable in vertebrates (Zardoya and Meyer 1996) , have consistently been found to have a high evolutionary rate in fishes (Meyer 1994; Page and Hughes 2010) , and have been the most widely used mtDNA markers in Mogurnda thus far (Page and Hughes 2010) . The primers ATP8.2 (AAAGCRTYRGCCTTTTAAGC; E. Bermingham, pers. comm.) and MA-ATP6 (Hurwood and Hughes 1998) were used to amplify ,750 base pairs (bp) incorporating the total ATPase8 gene (160 bp) and 600 bp of the ATPase6 gene with a 10-bp overlap. PCR protocols were as per Hurwood and Hughes (1998) .
PCR product was cleaned using Qiaquick columns (Qiagen Inc., Chatsworth, CA, USA), following the manufacturer's specifications. Sequencing reactions were carried out using dye terminator cycle sequencing reactions (PerkinElmer, Waltham, MA, USA) as per manufacturer's instructions, along with ,30 ng of clean DNA template and 3.2 pmol of primer on an Applied Biosystems 373 automated sequencing machine (Applied Biosystems, Foster City, CA, USA). Both the heavy and light strands were sequenced. An additional internal primer (MA-ATP6-L; 5 0 ATC GCC TCC TGA CAT TGC AAG 3 0 ) was designed to clarify the region of the fragment where the overlap between the heavy and light strand was insufficient. PCR conditions were as above, except that annealing temperature was raised to 60 o C.
Dataset construction and phylogenetic analysis of DNA-sequence data Two separate datasets were assembled. First, our 25 new sequences (deposited in GenBank as accession numbers KC603687-KC603711) were aligned with all Mogurnda spp. adenosine triphosphatease sequences currently on GenBank (as of 8 February 2012) and cut to 695 bp. These included all unique haplotypes from Hughes (1998), Faulks et al. (2008) , L. Faulks (unpubl. data (GenBank DQ219325-6)), Cook et al. (2011) (498 bp), Page et al. (2012) (586 bp) and N. Rowsell, K. Warburton, and J. Ovenden (unpubl. data (DQ672570-6)), with the equivalent fragment of the mitochondrial genome of Eleotris acanthopoma (Positions 7956-8650; Accession number AP004455; Miya et al. 2003) serving as an outgroup. A NJ analysis was carried out on a preliminary dataset of all 108 sequences in PAUP* version 4.0b10 (Swofford 2002) , to identify related clusters of sequences using the Kimura two-parameter model (K2P; bootstrapped 1000 times), as per the methods of 'DNA barcoding' (see Ward et al. 2009; Page and Hughes 2010) . All sequences that were .99% similar to other sequences and also hailed from the same catchment were removed, because small-scale, within-catchment patterns are beyond the scope of the current study. This left a final cut-down dataset of 46 sequences, including all the new sequences from our study (Table S1 ) and exemplars from every lineage and catchment from GenBank (Table S2 , available as Supplementary Material for this paper). This final dataset was used for full phylogenetic analyses.
We used FindModel (www.hiv.lanl.gov/content/sequence/ findmodel/findmodel.html, accessed 7 February 2012), which is an online implementation of ModelTest (Posada and Crandall 1998) , to select the Akaike information criterion best-fit model of evolution for likelihood and Bayesian analyses of the final dataset. Three forms of phylogenetic analysis were employed. We used MrBayes version 3.1.2 (Huelsenbeck and Ronquist 2001) for Bayesian analyses (parameters: 6 million generations, trees sampled every 1000 cycles, 25% burn-in (sufficient to reach stationarity), two runs of four chains heated to 0.2), PHYML version 3.0 (Guindon and Gascuel 2003) for maximum likelihood analyses, and PAUP* for parsimony analyses (full heuristic, with 100 random repetitions). Maximum likelihood and parsimony analyses were bootstrapped 1000 times.
Results

Original allozyme study
The results of the present study address our stated aims of corroborating and assessing the taxonomic revision of Allen and Jenkins (1999) . Allozyme frequencies and pairwise genetic distance values for 16 sites at 40 putative allozyme loci are presented in Tables 1 and 2 , respectively. All 15 sites represented by multiple individuals exhibited genotype frequencies that were consistent with the presence of a single panmictic Table 1 . Allozyme profiles in the original allozyme study for 16 Mogurnda populations at 34 variable loci For polymorphic loci, the frequencies of the most common allele(s) is/are expressed as percentages and shown as superscripts (allowing the frequency of the rarest alleles to be calculated by subtraction from 100%). Sample sizes are given in parentheses following each population. Unless indicated, most loci were expressed in both 'tail muscle' and 'head' homogenates (* ¼ scorable only in muscle; þ ¼ scorable only in head). The following loci were invariant: Ck*, Fum, Mdh2, Ndpk2, Pk1 and Pk2
Locus Population A5a (6) A5b (3) A5c (5) A5d (1) A6a (22) A8a (7) A11 (5) A12 (4) C1b (10) population in linkage equilibrium at each site. As well as delineating a genetically distinctive M. adspersa (all sites in Catchments A5, A6, A8 and A11), the NJ tree ( Fig. 3 ) was largely concordant (apart from Site A12, see below) with the taxonomic revision of Allen and Jenkins (1999) Table S3 ). Although moderate levels of genetic divergence were also evident within all species represented by sites spanning multiple catchments (M. mogurnda, M. clivicola and M. adspersa), only the results for Site A12 were discordant with the current taxonomic framework for Australian Mogurnda. This site (Comet River, Fitzroy catchment), which falls well within the geographic range expected for M. adspersa (Figs 1, 2) , was clearly more closely related to M. clivicola than to the other seven populations of M. adspersa sampled (two versus six fixed differences, respectively; see Table S3 ).
In assessing the phylogenetic implications of the original allozyme data, all but one of the six well supported nodes (i.e. bootstrap values .70%) in the allozyme tree reflected relationships among sites within a species or between Site A12 and M. clivicola (Fig. 3) . Thus, these data provided only quantitative support for a sister relationship between two of the six described species, namely M. thermophila and M. larapintae. Nevertheless, there was no qualitative support in the values of genetic distance for any underlying phylogenetic concordance between the previous (Fig. 1a) and current (Fig. 1b) taxonomic affinities among species (e.g. both M. oligolepis and M. clivicola appear genetically unrelated to M. mogurnda). Indeed, the allozyme data implied that M. clivicola and M. adspersa may even be sister taxa.
MtDNA phylogenetic trees
The mtDNA analyses explored our primary hypothesis that cryptic species remain within the Australian Mogurnda, and offered insights into the phylogenetic affinities among described species. The NJ tree of the large initial dataset of 108 haplotypes can be found in Fig. S1 (available as Supplementary Material for this paper). For the final dataset, FindModel selected a Transition model of evolution with a gamma-shape parameter (a ¼ 0.28). Chi-square tests of homogeneity of base frequencies in PAUP* across ingroup taxa found no significant (P . 0.99) differences. The three forms of phylogenetic analyses all recovered nearly identical topologies for the final dataset (Bayesian: arithmetic mean ¼ À2743.66; maximum likelihood: log score ¼ À2689.58; parsimony: 345 steps). Therefore, only the majority rule Bayesian consensus topology is displayed ( Fig. 4 ; raw Kimura two-parameter distances are presented in Table S4 , available as Supplementary Material for this paper). The major difference between the methods is in the position of three of the shorter (498 bp) M. mogurnda haplotypes from Cook et al. (2011) , which all analyses placed within a larger clade (Lineage I; Fig. 4 ), but did not agree on their position within it.
Five main lineages (labelled I-V) and several possible instances of mitochondrial paraphyly were defined by the ATPase phylogram (Fig. 4) and were, thereafter, readily identifiable on the full NJ tree (see Fig. S1 ). Lineage I, which received the lowest level of support among lineages containing multiple haplotypes, comprised the M. mogurnda and M. clivicola haplotypes, along with all M. adspersa haplotypes (four in Fig. 4 , representing the nine overall in Fig. S1 ) from the Tully River in north-eastern Queensland (Catchment A16, Fig. 2 ). All 
Contemporary allozyme study
Further evidence for the presence of undescribed species is provided by the results of the contemporary allozyme study. In total, 23 sites were surveyed, chosen to overcome the inability of our initial study to investigate the multiple mtDNA lineages within M. adspersa and mtDNA paraphyly in M. mogurnda.
Pooling allozymically homogeneous sites within catchments reduced this down to 16 regional populations. The allozyme frequencies and values of pairwise genetic distance at 50 putative allozyme loci are presented in Tables S5 and S6 (available as Supplementary Material for this paper), respectively. The NJ tree resulting from these data (Fig. 5 ), in combination with large genetic distances involved (Table S6) , supported the presence of multiple taxa within M. adspersa, but not within the limited geographic range surveyed herein (Figs 1, 2) for M. mogurnda. By synthesising the historic and contemporary studies (Figs 3, 5 ; Table S3 ), three major genetic clusters were evident in M. adspersa, namely (1) M. 'adspersa south' (all sites south of the Burdekin gap, excluding Site A12), (2) M. 'adspersa north #1' sites in the upper Tully (Site A16b) and Herbert (Sites A17b-e) catchments, and (3) M. 'adspersa north' #2 sites in the Johnstone catchment (Sites A19a, b). Intriguingly, this arrangement of northern populations contrasts markedly with that portrayed in the ATPase tree, which found the Herbert, Johnstone, and lower Tully sites to be relatively homogeneous (all in Lineage II; Fig. 3 ), whereas the upper Tully sites harboured the distinctive Lineage I. 
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Discussion
Are there additional candidate species within Australian Mogurnda? Not surprisingly, our original allozyme and mtDNA studies were concordant with the taxonomic revision of Allen and Jenkins (1999) M. mogurnda NT: widespread (27) M. mogurnda NT: Daly (12) M. adspersa (Table S1 , available as Supplementary Material for this paper; Fig. 2) ; haplotypes sourced from GenBank are also cross-referenced by study (senior author, original code, and where appropriate, original lineage (as detailed in Table S2 , available as Supplementary Material for this paper)). The five main lineages are labelled I-V. molecular data also provided strong support for our primary hypothesis that additional undescribed species remain embedded within the Australian Mogurnda. Both allozyme and mtDNA datasets inferred a species-level dichotomy within M. adspersa, for populations north and south of the Burdekin gap (Fig. 2) . Importantly, they both also suggested that M. 'adspersa north' and M. 'adspersa south' are unlikely even to be sister species. Significant additional genetic heterogeneity, comparable to that found among other described species, was also evident within M. 'adspersa north', although here the allozyme and mtDNA data provided differing perspectives on the number of putative lineages present. For M. mogurnda, the molecular evidence for multiple species was less compelling, and largely involved the presence of several divergent mtDNA sublineages, plus a possible paraphyletic mtDNA relationship with some populations of M. 'adspersa north'. Nevertheless, given we have sampled less than 10% of its overall geographic range herein, we would be not be surprised if additional candidate species were present in M. mogurnda, as inferred by the most recent morphological appraisal (Allen and Jenkins 1999) . In support of this expectation, the microsatellite data of Cook et al. (2011) identified two distinctive genetic groups of M. mogurnda in the Daly River catchment, with one site in the upper catchment (their mtDNA lineage D) being highly divergent from all others located elsewhere, at lower altitudes (their mtDNA Lineages A-C, which were found in sympatry at some sites). Long-term genetic population structure and limited dispersal within and between catchments have also been observed in M. adspersa .
It remains to be seen whether any of the additional candidate species within M. adspersa will ultimately be morphologically diagnosable from one another. In diagnosing the new species, Allen and Jenkins (1999) concluded that the genus was morphologically conservative for the standard suite of traits used by fish taxonomists and, in consequence, most species were diagnosable only by subtle differences at a small number of characters. Interestingly, however, their revision did not include any specimens of M. adspersa north of the Burdekin River (latitude 18841 0 S), and thus provided no insight into the comparative morphological status of candidate species identified herein. Moreover, revisions that unwittingly lump multiple taxa into single 'species' will typically be unable to identify, from first principles, those characters that might actually be able to diagnose individual taxa from one another (Horner and Adams 2007; Raadik 2011) .
In addition to demonstrating cryptic biodiversity within M. adspersa, our combined molecular datasets also revealed evidence for introgression between M. 'adspersa south' and M. clivicola in the western portion of the Fitzroy River Table S1 (available as Supplementary Material for this paper). Bootstrap values .70% are shown for all nodes.
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Marine and Freshwater Research M. Adams et al. catchment. Here, the site involved (Site A12; Comet River) displayed a mtDNA haplotype typical of M. 'adspersa south' (Fig. 4, Fig. S1 ), but an allozyme profile that was more closely aligned with M. clivicola (Fig. 3, Table S3 ). Clearly, our sample sizes and geographic coverage are too inadequate to warrant any detailed discussion herein. However, this finding, coupled with the fact that the allozyme and mtDNA datasets presented quite different perspectives on the genetic affinities of several lineages (including M. clivicola), suggests that hybridisation and introgression are likely to have featured in evolutionary history of Mogurnda, as they have in some other Australian freshwater fishes (Hammer et al. 2013) . It has long been accepted that north-eastern Queensland contains two species of Mogurnda, invariably identified as M. adspersa and M. mogurnda, and that these two species occupy an overlap zone in which species identification is problematic (Allen 1989; Herbert and Peeters 1995; Pusey et al. 2004) . For example, Herbert and Peeters (1995) asserted that M. adspersa and M. mogurnda can be reliably identified in north-eastern Queensland only by using longitudinal-scale counts (i.e. 31-36 for the former and 37-38 for the latter), even though the counts are neither completely discontinuous nor allow hybrids to be detected. Although our data supported the contention of multiple species in this region, the evidence was equivocal as to whether any of these corresponds to M. mogurnda (on the basis of using Northern Territory populations as exemplars of this species). Our mtDNA sampling in north-eastern Queensland included the Gilbert and Mitchell river basins, two western-flowing catchments regarded as containing mostly M. mogurnda (Herbert and Peeters 1995) . However, both specimens displayed haplotypes belonging to Lineage IV, the lineage found in all M. 'adspersa north' populations outside of the Tully catchment.
The molecular evidence for additional cryptic biodiversity and potential introgression in both widespread species of Mogurnda strongly supports the need for a comprehensive genetic assessment of these species across their range, as a first step in any follow-up taxonomic revision. As demonstrated herein and argued elsewhere (e.g. Bertozzi et al. 2000; Edwards 2009; Adams et al. 2011) , this genetic assessment will not be fully insightful if it reflects only a single-gene barcoding enterprise, and instead should include multiple, independent genetic markers of both nuclear and mitochondrial origin. Once available, this genetic framework provides the best prospects for any follow-up morphological appraisal to detect diagnosable taxa, by focussing on known-identity vouchers representing all major genetic lineages (Horner and Adams 2007; Schönhuth et al. 2012) .
Phylogenetic affinities among species Our data are not conducive for any comprehensive analysis of the phylogenetic relationships among Australian Mogurnda. In particular, the lack of strong support for most clades defined using 695 bp of ATPase, coupled with a lack of other, more closely related outgroup species (Page and Hughes 2010) , suggests that additional sequence data will be required, both to properly reconstruct the mitochondrial phylogeny for the Australian Mogurnda and to provide a nuclear DNA perspective on evolutionary affinities. Nevertheless, some conclusions are justifiable from the present study.
Only one sister relationship was consistently supported by both datasets, namely that uniting the two central Australian species, M. larapintae and M. thermophila. This result indicates that the most likely biogeographic scenario for their origin is a single expansion of Mogurnda into the arid inland, presumably from the north (this being the closest and, if PNG is included, the most speciose region for Mogurnda; Allen 1991), followed by allopatric speciation in situ, rather than the alternative of two separate expansion events. The phylogenetic history of the third inland species, M. clivicola, is more problematic, given the conflicting patterns revealed by the nuclear markers (which suggest its affinities lie with the eastern species, M. 'adspersa south') versus the mitochondrial data (which suggest an affinity with one of the northern lineages within M. mogurnda). Further investigation is required to ascertain whether one or both datasets have been compromised by historic or contemporary introgression (as appears the case for Site A12).
Implications for overall levels of cryptic biodiversity in the Australian fauna Our finding that even a taxonomically well worked group such as Mogurnda harbours additional cryptic taxa has obvious implications for biodiversity assessment across the entire Australian freshwater fish fauna. Drawing on several recently published, completed but unpublished, and ongoing genetic studies, Hammer et al. (2013) agreed with the sentiments of Lundberg et al. (2000) that the current paucity of Australian species largely represents a lack of intensive taxonomic investigation, rather than climatic or biogeographic factors. In particular, they argued that there are likely to be twice as many species as are currently described, i.e. over 200 species remain to be 'discovered' and described. Regardless of whether this assertion is correct, some groups clearly harbour more cryptic biodiversity than do others. For example, a genetic assessment of Australia's most widespread species, Leiopotherapon unicolor, revealed no evidence of cryptic speciation (Bostock et al. 2006) , whereas the less widespread Galaxias olidus comprised at least 14 candidate species, each of which is genetically and morphologically distinctive (Raadik 2011) .
Tracking species-level diversity in Mogurnda, we see an increase from just two in the 1980s, to the eight inferred in the present study (six described plus two extra candidate species within M. adspersa), based only on cursory genetic data. Given both M. mogurnda and M. adspersa display geographic ranges broadly comparable (in absolute distance) to that of G. olidus, plus occur across several biogeographic provinces noted for their comparatively high levels of biodiversity and endemism (Unmack 2013) , it would be foolhardy to confidently predict that additional cryptic diversity does not exist.
So, why should there be so many undiagnosed species among the Australian freshwater fishes? Essentially, two inter-related families of reasons appear obvious, namely lack of voucher collection and lack of taxonomic attention. Compared with the USA, Australian freshwater fishes have been hugely undercollected (e.g. ,22 000 'lots' (typically n ¼ 1-,10) of obligate-freshwater vouchers in the major Australian museums Cryptic biodiversity in Australian Mogurnda Marine and Freshwater Research versus more than 30 million in USA institutions, a ratio that is greatly at odds with the relative population ratio of 1 : 15; Poss and Collette 1995; Williams et al. 2001; OZCAM 2012) . This vast disparity is due to (1) differences in the geographic distribution of its biodiversity (Australia harbours most of its biodiversity in regions well removed from major population centres), and (2) a major lack of state and national collection efforts directed at freshwater fishes (which are obviously never included in marine fauna surveys and rarely considered during 'terrestrial' fauna surveys). Regarding the latter, and unlike the USA, virtually all of the collecting activity directed at Australian faunal groups has reflected the efforts of the individual taxonomists working on these groups, whereas the USA has a long tradition of state-and federally sponsored collection efforts. Depending on the organismal group in question, Australia typically contains 5-20% of the biodiversity of the planet (Chapman 2005 ), yet hosts roughly 4% of its taxonomists (Word Taxonomist Database; http://www.eti.uva.nl/tools/wtd/latest. php, accessed 20 August 2012). For Australian fish fauna, this disparity is particularly evident. Even taking into account the recent appointment of two new Curators in 2011, the number of fish taxonomists in the museums in Australia has plummeted alarmingly since the mid-1980s (Leis et al. 2007) , and those that remain rightly direct most of their efforts at marine fishes of Australia (over 4500 described species, with many more to follow; Hoese et al. 2007) . Thus, there is little prospect of addressing the taxonomic uncertainty surrounding our freshwater fish fauna, until fundamental deficiencies in the taxonomic effort devoted to this important group are corrected.
One final point of difference between the freshwater fishes of the USA and Australia is relevant here. The much higher levels of endemism in Australia (Olden and Kennard 2010) further strengthen the argument that we need to validate the specieslevel taxonomy of the continent as a national research priority. As with North American and European aquatic habitats, Australian waterways are rapidly declining in quality and extent, and so are the freshwater fishes they contain (Dudgeon et al. 2006; Vörösmarty et al. 2010) . As a consequence, failure to recognise the existence of geographically restricted species within the range of an apparently widespread single species will likely see some species go extinct even before they are described! Already there is evidence that this is the case for the Shoalhaven River population of Macquarie Perch (Macquaria australasica; Hammer et al. 2013 Figure 2 ; multiple sites within a species are differentiated by a unique number for each river basin and/or a unique letter (a-e) for sites within the same basin (SA = South Australia; Vic = Victoria; NSW = New South Wales; QLD = Queensland; NT = Northern Territory; WA = Western Australia). Sample sizes are shown for the original allozyme study (OA), the mtDNA study (mtDNA) and the contemporary allozyme study (CA). for allozymes are shown (# -these fish were the F 1 offspring from a single pair of wild-caught adults; *river basin represented only by ATPase sequences obtained from GenBank; details provided in Table S2 In most instances taxa are defined using the historic allozyme study, as summarized in Fig. 3 . However, pairwise values for the two northern taxa within M. adspersa have been obtained from the contemporary allozyme study (X indicates one taxon was not represented therein), as summarized in Fig. 4 . General format as for identified by the phylogenetic analyses of the reduced dataset (** based on these haplotypes).
